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Abstract
Road and highway infrastructure provides the backbone for a nation's economic growth. The versatile 
dispersion of population in Australia, from sparsely settled communities in remote areas to regenerated inner 
city suburbs with high density living in metropolitans, calls for continuing development and improvement on 
roads infrastructure under the current federal government policies and state governments' strategic plans. As 
road infrastructure projects involve large resources and mechanism, achieving sustainability not only in 
economic scales but also through environmental and social responsibility becomes a crucial issue. Current 
efforts are often impeded by different interpretation on sustainability agenda by stakeholders involved in 
these types of projects. As a result, sustainability deliverables at the project level is not often as transparent 
and measurable, compared to promises in project briefs and designs. 
This paper reviews the past studies on sustainable infrastructure construction, focusing on roads and 
highway projects. Through literature study and consultation with the industry, key sustainability indicators 
specific to road infrastructure projects have been identified. Based on these findings, this paper introduces 
an on-going research project aimed at identifying and integrating the different perceptions and priority needs 
of the stakeholders, and issues that impact on the gap between sustainability foci and its actual realization at 
project end level. The exploration helps generate an integrated decision-making model for sustainable road 
infrastructure projects. The research will promote to the industry more systematic and integrated approaches 
to decision-making on the implementation of sustainability strategies to achieve deliverable goals throughout 
the development and delivery process of road infrastructure projects in Australia. 
1. Introduction 
Sustainability challenges are becoming part of our daily lives. Broad media coverage and breakthroughs of 
scientific research is raising increasing levels of public awareness in recent years. Sustainability wake-up call 
has permeated into practically all strata of society across the globe. Mounting environmental concerns that 
include climate change, greenhouse emissions, changing rainfall patterns, carbon abatement, pollution and 
resource scarcity threaten biodiversity, human health and lifestyles. Given the unseemly scenario, ‘business 
as usual’ must needs reconsideration and more so, efforts must be taken to make good the situation.  
For road infrastructure projects that involve huge resources, large scale of works and typically long periods 
of development, it may cause serious implications to the environment. While environmental issues are of 
great concerns, such development that underpins a nation’s economy is equally important and necessary. 
To develop the road projects as well maintaining and preserving the environment, therefore requires the 
sustainability approach as the ideal way forward. In this regard, governments and project stakeholders alike 
are under pressure to look for economically feasible, socially viable and environmentally accountable project 
outcomes (Figure 1). 
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Figure 1: Sustainability Outcomes in Roads Infrastructure Development 
Current efforts are often impeded by different interpretation on sustainability agenda by stakeholders 
involved in these types of projects. As a result, sustainability deliverables at the project level is not often as 
transparent and achievable, compared to promises in project briefs and designs. In the absence of common 
understanding among these stakeholders, achieving sustainability outcomes remains as a formidable task. 
In the meantime, decision-making for sustainable development in the built environment requires new 
approaches that are able to integrate and synthesise all the dimensions and different point of views in a 
holistic matter (Mitchell, 1999; Deakin, et al., 2001). This process requires the application of a suitable 
operational framework, and an evaluation method or approach that is able to guide stakeholders through the 
decision-making. However, at the moment, such a structure for organizing the information required in 
decision-making is not yet available or agreed on among the different disciplines and fields of activities. The 
lack of an agreed structure that can help decision-making processes achieve greater sustainability is a major 
problem (Brandon and Lombardi, 2005). 
2. A Buoyant Economy and Roads Infrastructure 
Australia is currently experiencing an extraordinary economic growth and prosperity, following 
unprecedented resources boom. The political stability further spurs the confidence of foreign investors and 
thus, the economy by attracting substantial foreign investment. This has resulted ever-growing economic 
activities and accordingly, increased car travel and commercial vehicle movements that require greater 
supply of roads infrastructure. But the existing infrastructure, not only roads and highways, is well below the 
demand.   
The Business Council of Australia has estimated the cost to the national economy due to infrastructure 
shortage to be about $100 billion, while the Committee for the Economic Development of Australia reported 
last year that the nation’s economic worth could increase by 0.8% if unmet infrastructure needs were 
realized (Atkins, 2008). In response to the massive infrastructure needs, government has drawn up a priority 
list of infrastructure projects, worth billions of dollars, and regulatory reforms to speed up the planning, 
development and delivery of major works. 
Roads and highways infrastructure that provides the backbone for Australia's economic growth is critical to 
this effect. Australia’s roads infrastructure has been under constant scrutiny for not being able to sufficiently 
and efficiently cater for its rising demand. The land freight task is projected to double by 2020 and critical 
linkages such as the Pacific Highway between Sydney and Brisbane is under-developed, the Hume Highway 
in NSW is, in many sections, a two lane road (Infrastructure Partnerships Australia, 2007). Besides, Australia 
has a strong motorcar culture that is commonly believed to offer privacy, comfort and on-demand door to 
door transport. The geographical widespread and decentralized nature of development such as satellite 
cities, decentralized employment and housing mean more roads are needed to commute from one place to 
another. Additionally, many urban roads are old and in need of repair. The development bottle-necks are 
likely to continue until massive roads infrastructure is in place (Figure 2). 
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Figure 2: Roads Infrastructure Scenario in Australia
Though providing sufficient roads infrastructure will help ease the bottle-necks and bring about especially the
economic benefits, this alone does not ensure a sustainable delivery. A wholesome roads infrastructure
development means balance between economic, social and environmental considerations. While from time
to time, one of these elements may require additional attention to ensure that balance is achieved; persistent
favoring of one element over the others is not sustainable development (Engineers Australia, 2008).
3. Sustainable Road Infrastructure - The Way Forward
Indisputably, sound, well-functioning infrastructure in a country is essential for its sustained economic
growth, international competitiveness, public health and overall quality of life (Mirza, 2006). No society has
aspired to greatness and a capacity to endure without the ability to build, operate and maintain to a
competitive standard of infrastructure required to drive its economy. However, the fact that infrastructure
constitutes large built assets on earth and its demand is ever-increasing, the necessary involvement and
impact towards global sustainable development efforts is critical and not to be overlooked.
Infrastructure is a key component of Australian nation’s capital stock (Allen Consulting Group, 2003). The
services from economic infrastructure account for more than 12% of GDP and employ 6.5% of the workforce. 
Infrastructure services are major intermediate inputs to Australian businesses. In turn, businesses represent
some 70% of demand for power, sewerage and water, road and rail transport and postal and communication
services. Economic infrastructure also accounts for some 5% of consumer expenditure.
Such facilities (eg. water supply, sanitation, urban roads) contribute to economic production and therefore
are, not surprisingly, closely correlated with levels of development (Kessides, 1988).  As such, the provision
of physical infrastructure must be seen as a prerequisite for the achievement of sustainability of human 
settlements and of the meeting of basic human needs (Choguill, 1996). Roads and highways construction
that often lead to other infrastructure development tops the priority list.
Though concerted efforts by Australian government in developing roads infrastructure, this crucial initiative
will be more profitable and meaningful when the development is integrated with the concept of sustainable
principles, since it will not only bring about economic gain, but also social and environmental benefits. This 
calls for a greater need of roads infrastructure sustainability in its overall delivery, especially for new projects.
Drawing from the understanding that sustainable construction can be defined as a construction process
which incorporates the basic themes of sustainable development (Parkin, 2000; Chaharbaghi and Willis, 
1999; Sage, 1998), sustainable roads infrastructure means the application of basic sustainable principles
into roads infrastructure development. In a more concrete term, this means ensuring that our road projects
are environmentally, socially and economically sustainable.
4. Sustainable Indicators and Road Infrastructure Development 
To achieve sustainable roads infrastructure development, however, it is important to firstly understand how
an infrastructure project relates to the principles of sustainability. 
According to Dasgupta and Tam (2005), the life stages of any infrastructure project can be divided into (i) 
pre-project planning, which involves setting up designs, facilitating and mobilizing funds, preparing bills of
materials, calculating costs and incorporating short-term and long-tem plans to implement the physical
modification; (ii) project implementation, which incorporates the physical work of project implementation and
could, for example, include refurbishing the existing structure wherever necessary; and (iii) ongoing
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operation, which includes the financial management, planning, accountability of responsible authorities, and 
maintenance of the structure during its design life after starting the intended operation.  
Proper design, operation, and management of infrastructure must deal with every facet of its service life, 
ranging from conception, feasibility studies, design, construction, operation, maintenance, repair and 
rehabilitation, and finally decommissioning and disposal of the system after it has outlived its useful life 
(Mirza, 2006).  
If an infrastructure project were to be sustainable, every phase of its development must be guided by the 
principles of sustainable development. A recent research of identifying Key Performance Indicators (KPI) for 
infrastructure in South Africa construction industry, Ugwu and Haupt (2005) have developed a 
comprehensive list of key sustainability items and its indicators. These constructs incorporate internationally 
accepted sustainability metrics, coupled with other performance-based indicators such as health and safety, 
resource utilization and aspects related to project management. 
Based on Ugwu and Haupt’s findings, coupled with consultation with the industry, key sustainability 
indicators specific to road infrastructure projects have been identified which embrace, among others, the 
issues of environmental concerns, social needs, and economic empowerment, along with health and safety, 
project management and relationship management (Figure 3). In addition, public governance and community 
engagement is becoming more appealing in the overall decision-making processes. 
In this respect, the infrastructure development process should go through the various stages from 
conception, to feasibility studies, to design, to construction, to operation, to maintenance and disposal or 
decommissioning. These processes will be improved by the application of sustainable principles. 
Consideration must also be given to the differential needs of sub-criteria of each of these key sustainability 
items. By close monitoring of these processes and checking them against sustainable principles and its 
indicators, we can thereby ensure and enhance sustainability deliverables in the overall roads infrastructure 
development. 
5. Developing Integrated Decision Model 
So far, much of the focus on sustainability has concentrated on buildings and construction processes. 
Though there is an increased on the studies of urban sustainability in recent time, the methods and decision 
tools development have focused mainly on buildings; and there is noticeably poor coverage of construction 
and operation stages of project development (Deakin et al., 2001). Besides, less has been done on 
infrastructure systems, such as sanitation, transportation, and utilities, which may extend over large 
geographic spaces, have much wider and more varied potential impacts, and may be harder to understand 
from a sustainability perspective by multiple stakeholders (Dasgupta and Tam, 2005). To advance this 
thinking, due attention must also be given to the development of infrastructure sustainability in which this 
research is aspired to. 
At one end, sustainable development efforts mainly remain ideological as seen in macro-level policies and 
broad-based concepts. They have not explained how they could be translated into practical decision-making 
during project delivery. The same observation holds for infrastructure projects where the current focus is 
largely on macro-level policy planning, with little research focusing on the micro level design and 
construction stage (Ugwu & Haupt, 2005). The situation exacerbates due to multiple stakeholders having 
different expectations and perceptions towards achieving sustainability in infrastructure projects. On the 
other end, there were many research initiatives attempting to develop sustainability assessment (Ugwu et al., 
2006; Mirza, 2006; Sahely et al., 2005; Ugwu and Haupt, 2005; Dasgupta and Tam, 2005). In between the 
two, there is a perception-reality gap and mismatch, specifically on how to enhance sustainability 
deliverables during infrastructure project delivery.  
As an exploration on ways of rectifying some of the problems discussed above, a research project is being 
undertaken at the Queensland University of Technology, Australia. It is aimed at identifying and integrating 
the different perceptions and priority needs of the stakeholders, along with identifying issues that impact on 
the gap between sustainability foci and its actual realization at project end level. Filling the niche found in 
previous studies, this research focuses on the practicality and real-world implementation of sustainability 
agenda in roads infrastructure projects delivery. This can be achieved based on the common understanding 
by various stakeholders, with individual view points shared, understood and mutual benefits supported.   
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Figure 3: Sustainable Roads Infrastructure Development Processes 
The on-going research project employs a combination of face-to-face interviews with industry professionals, 
a Delphi study among experienced practitioners and academics, and case study techniques to collect expert 
opinions as well as real-life project information. Figure 4 shows the overall developmental steps and 
information flow in this project. This acquired primary data acquired will be combined with secondary data 
from existing government guidelines on environment impact assessment and management, sustainable 
construction environment and literatures on sustainability research. Both the primary and secondary data will 
provide triangulation of results covering the perceptions of various stakeholders in infrastructure projects that 
shall underpin the basis for establishing decision-making process models for sustainable infrastructure 
projects.  
While still at early stages of development, initial industry consultation and feedback has indicated strong 
interests in this research among stakeholders of road infrastructure projects. The guidelines to be formulated 
will help promote more integrated decision-making and actions on the implementation of sustainability 
strategies and foci during the construction project delivery processes. With the different perceptions and 
views shared, discussed, debated, and with common values and mutual benefits identified, fragmentation on 
the responsible roles of sustainability will be avoided. Accordingly, this helps facilitate collaboration, 
consultation and communication among all stakeholders involved in order to achieve consistent decision-
making steps throughout roads infrastructure project development life span in Australia.       
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It is expected that the final framework will be formulated by October 2008 and the complete research results 
be disseminated to the industry by late 2009. 
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Figure 4: Research Methodology 
6. Conclusion 
The booming economy of Australia has caused massive bottle-necks in road infrastructure in many states 
over the recent years. Significant increase in infrastructure budget by three levels of governments indicates 
the urgency and resolve for Australia to alleviate the problems restricting its’ continued growth. As road 
infrastructure projects requires large amount resources and can cause major environmental impact, 
achieving sustainability not only in terms of environment friendliness but also through economical and social 
responsibility becomes a crucial issue.    
While sustainability is a logical link to infrastructure projects, past research for this industry sector mainly 
focused on policies, energy performance and overall assessment methods. As such, little has been done to 
promote specific applications at project implementation level which is the crux of sustainability initiatives. 
There is a need to find effective ways to enhance sustainability foci through project delivery, along with the 
development of policy and assessment methods. The gap must be filled between the industry wide 
recognition on the importance of sustainability and the lack of measurable sustainability deliverables and 
eventual realization at project ends. The on-going project, as discussed in this paper, is a positive step 
towards this direction by integrating different perceptions and priority needs of infrastructure stakeholders, 
and encapsulating critical issues affecting the sustainability delivery of road infrastructure projects through a 
framework of systematic approaches to decision-making on the implementation of sustainability strategies. 
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